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OBJECTIVE

Map ET and moisture stress (drought) using
thermal infrared (TIR) and vegetation index (VI)
remote sensing data.

Varying soil moisture conditions yield distinctive thermal
signatures:

» depletion of water from the soil surface layer causes
the soil component of the scene to heat up rapidly.

* moisture deficiencies in the root zone lead to vegetation
stress and elevated canopy temperatures
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Operational Drought Monitoring
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Atmosphere-Land Exchange Inverse Model (ALEXI)

Two-Source Model

5 km
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Input data requirements

DATA
THERMAL IR
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LANDCOVER TYPE

WINDSPEED

SW/LW RADIATION

AIR TEMPERATURE
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ALEXI
GOES (5-10km)

AVHRR/MODIS (1km)

AVHRR/MODIS (1km)

Synoptic wx network
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Radiosonde network

DisALEXI
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Synoptic wx network

GOES (20km)

ALEXI (5-10km)



EVAPOTRANSPIRATION

SURFACE TEMPERATURE

i, * % , B "A___..”.. ) S Pl !
(dlepunog s309) (18bew| S309) (1espueT) (yesone NsSN)
X3V IX3A1V IX31vsid IX3ivsid




L

on

]

lidat

¥
vl

i

L)
=L

)1 |
>

-
SO ity -
..”...... T, .._....T
e ey
Al IS T
DA e N
o i



Validation through disaggregation

GOES-DERIVED FLUXES (5-10 km)
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ALEXI

DisALEXI

(tower footprint)
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Hourly daytime fluxes (watershed average)
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ALEXI validation sites
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Climatological Study: 2002-2004

Palmer Drought Index - NCDC 2002 2003 2004
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« 2002: extreme-severe drought conditions covering 40% of the US in July
« 2003: some improvement (10-25% extreme-severe drought coverage)
« 2004: extreme drought coverage falls < 5% due to increased late rainfall
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Evaporative Stress Index
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Multi-scale Drought Monitoring
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Multi-scale Ecosystem Health Monitoring

MODIS resolution (1km) L7 resolution (60m) L7 resolution (60m)
Evapotranspiration Evapotranspiration ESI

(weekly) (monthly) (monthly)
Florida Everglades






IMPENDING THERMAL DATA GAP

Land Surface Temperature and Emissivity Earth System Data Record
(LSTE-ESDR)

Coverage Spatial Temporal Current Future
Resolution Resolution Data Data
Sources Sources
Global 10-20 km Hourly AIRS CrIS
GOES GOES
MSG MSG
Regional 1-5 km 2-4 times MODIS VIIRS
daily AVHRR AVHRR
ATSR ATSR

Local 30-100m  Once every ASTER F
8-16 days Landsat

Table from S. Hook




The importance of Landsat-resolution thermal data

960m (MODIS)




The importance of Landsat-resolution thermal data
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29 July 2004 — Southern Arizona (San Pedro River Basin)
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Atmosphere-Land Exchange Inverse Model (ALEXI)

PROCEDURE:

— | Apply TSM at 2 times
during morning

| Estimate T,, & T, at
blending height

b
t 1 Compute required { H(t)dt
{lH(t)dt — | Revise H; & H,

fH
_M_) Temperature

TA1 TRAD1 TA2TRADZ
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Disaggregated ALEXI (DisALEXI)

ALEXI grid cell (5-10km)
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MODIS, aircraft)
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Duy 20030430: Solctr Radiation at T|me 2 (W/mZ)
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Day 20030430: Latent Heot Flux at Time 2 (W/m
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Soil
evaporation

Transpiration

Actual/potential ET

Actual/potential ET
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Day 20030430: Latent Heot Flux at Time 2 (W/m
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Day 20030430: Latent Heot at 18z (W/m2)
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Latent heat intercomparison

ALEXI
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Available water response to rainfall (SMEX02)

M Rain

Clear-sky updates ® Root zone AWF
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ALEXI
MAE = 15.70%
Bias = -5.47%

MAE
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Available Water Fraction
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OBSERVED
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x| OBSERVED i i}
- Available Water Fraction

July 5, 2003
ALEXI EDAS

MAE = 16.45% MAE = 30.52%
Bias = -3.75% Bias = -28.06%
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=x{ OBSERVED _ _
| Available Water Fraction

August 1, 2003
ALEXI EDAS

MAE =16.15% MAE =15.43%
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==1 OBSERVED i )
o0 Available Water Fraction

June 2, 2004
ALEXI EDAS

MAE =16.47%  MAE = 26.69%
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Available Water Fraction

37.5N 1

August 3, 2004
ALEXI EDAS
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Volumetric Soil Moisture Retrievals

ALEXI EDAS
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